A theoretical study on excited state double proton transfer reaction of a 7-azaindole dimer: an ab initio potential energy surface and its empirical valence bond model.
Double proton transfer (DPT) reaction of a 7-azaindole dimer in the first ππ* electronically excited state was studied theoretically. We investigated the reaction mechanism through constructing a full dimensional empirical valence bond potential energy function (PEF) based on potential energies evaluated by ab initio molecular orbital methods, and carrying out quantum dynamics calculations with the PEF. Potential energy surfaces of the DPT obtained at the multi-reference perturbation level of theory favors a concerted DPT mechanism, although a stepwise channel is suggested to open for an excited initial vibrational state. Reduced two dimensional quantum dynamics calculations for a reaction surface Hamiltonian of DPT coordinates were performed. Time constants of the reaction were evaluated to be on the order of picoseconds, which is consistent with experiments. On the other hand, the computed kinetic isotope effect deviates from experimental evidence, suggesting the importance of intermolecular stretching motion, which is not explicit in the present calculations for the quantum effect.